Mathematics is an important school subject but one which often poses problems for learners. It has been found that learners do not possess the cognitive capacity to handle understanding procedures, representations, concepts, and applications at the same time. while the extent of field dependency may hold the key to one way by which the working memory can be used more efficiently. This study aims to explore the concept of field dependency which may offer a way forward in reducing the cognitive demands of finite working memory capacity, thus enabling higher performance to be attained. Age and gender were considered. With a sample of 120 secondary school students, the importance of working memory in relation to mathematics performance was confirmed (r = 0.55 ). The extent of field dependency was measured with a larger sample of 547, drawn from five age groups. The outcomes were related to the performance in mathematics examinations, a correlation of 0.32 being obtained overall, with every age group showing positive significant correlations. In this, the more field independent perform much better. The outcomes are interpreted in terms of the increased efficiency in the use of finite working memory capacity resources. It was found that students become more field independent with age but the rate of growth of independence declines with age. Girls tended to be slightly more field-independent than boys, perhaps reflecting maturity or their greater commitment during their years of adolescence. The findings are interpreted in terms of the way the brain processes information and the implications for mathematics education are discussed briefly.
Introduction
Mathematics is well-known as a school subject which can cause learners considerable difficulty. The aim of this study is to confirm that limited working memory capacity is one key factor explaining this difficulty and to explore the concept of field dependency which may offer a way forward in reducing the cognitive demands of finite working memory capacity, thus enabling higher performance to be attained.
The investigation carried out by El-Banna (1987) on the relationship between performance in chemistry examinations of low, medium, and high memory capacity students related to field-dependency shows that among students with the same working memory capacity, the performance declines when the student is more field-dependent. A possible explanation of these results could be the fact that "students with low working memory capacity are not in position to devote any working space to the irrelevant information, and consequently field-independent low working memory capacity students would possibly perform better than the field-dependent low working memory capacity students" (Johnstone and Al-Naeme, 1991) .
In a study carried out by Christou (2001) , he found little difference in performance in exploring algebra story problems between low working memory capacity field-independent students and high working memory capacity field-dependent students. His results are shown in Table 1 . Similarly, Al-Enezi (2008) found the same pattern of outcomes with a very much larger sample (table 2). The findings of Christou and Al-Enezi are completely consistent with the previous findings in chemistry (Johnstone and Al-Naeme, 1991; Danili and Reid, 2004, 2006) . A possible explanation of these results can be obtained using suggestions made by Johnstone et al., (1993) . According to them, students with a high working memory space capacity and who are fielddependent are occupied with 'noise' as well as 'signal' because of the field dependent characteristic. Conversely, low capacity and field-independent students will receive only the 'signal', tending to ignore the 'noise', and they can use all their limited low working memory space for useful processing. Hence, high working memory capacity field-dependent students cannot benefit from their larger working memory because the working memory capacity is effectively reduced by the presence of 'useless' information. Numerous studies have explored the relationship between field-dependence and academic performance (Goodenough, 1976; Witkin et al., 1977; El-Banna, 1987; Johnstone and Al-Naeme, 1991; Uz-Zaman, 1996; and Danili, 2001 . Together, these studies suggest that:
• Field-dependent and field-independent individuals differ in the cognitive processes that they employ as well as in the effectiveness of their performance.
• Field-independents score significantly higher than field-dependents in almost every field of science and mathematics.
• Field-independent people tend to be more 'self-sufficient' than field-dependent people who tend to depend more on the external environment.
• Those who are more field-independent in ability tend to show a higher performance in tests measuring working memory capacity.
• Field-dependent individuals encounter difficulties in recalling encoded information unless retrieval cues are directly relevant to the way in which the information was coded. The relevant cues could be considered as 'bridge' to gain access to the stored information.
• Field-dependent individuals exhibit less efficient memory strategies than field-independent individuals when they encounter a problem. The explanation of the poor memory of fielddependent individuals is that they process information in a rigid way which may be the result of an inefficient response to cues which would facilitate their recollection of the past information.
• Field-independent individuals are more capable of demonstrating cognitive structuring skills than field-dependent individuals.
Assessment of Field Dependency
The early work on the measurement of field dependency was carried out with the use of the first Body Adjustment Test with an attempt to replicate those conditions experienced by pilots in fighter aircraft flying through low cloud formation. The early version of the test involved the person being seated on a tilted chair, in a tilted room, and being asked to adjust the body to the upright. A further version of the test, called the Rod and Frame Test, involved the individual being seated in a completely darkened room. The person was asked to view a tilted luminous rod, within a tilted luminous frame. However, the individual was then asked to disregard the frame, and adjust the rod until it was in a totally upright position. Interest was focused on the relationship between a person's visual and kinaesthetic abilities, and the levels of dependence on the visual context displayed.
As the implications of the concept of field dependency became more apparent, a paper and pencil assessment was developed reflecting earlier work on the discrimination of shape from its surrounding field carried out by Thurstone (1944) . This was later developed into the Group Embedded Figure Test (GEFT) (Witkin et al., 1971 (Witkin et al., , 1977 . When many shapes are identified correctly, the person is described as field-independent; when few shapes are identified correctly, the person is described as fielddependent. A form of this test, known as the Hidden Figures Test, was used in the present study in order to obtain data from a group of students about how they learn process and retrieve information.
Field Dependency and Mathematics
Mathematics is well known as being considered a 'difficult' subject. Long ago, Sawer (1959) saw abstraction as a process of forgetting unimportant details and argued that, without abstraction, thought would be impossible. The work of Piaget (1963) has established the learner as a person who is trying to make sense of what is experienced. In looking at 'making sense of', the problem is that this will often generate working memory overload and yet it is this dimension which is the natural way of learning and understanding. Ali and Reid (2012) have reviewed areas of difficulty in mathematics, relating these to working memory overload, and have shown, with large samples, that those with above average working memory capacities have enormous advantages over those with below average working memory capacities. They introduced the mathematics tetrahedron which illustrates the problem (figure 1), based on the widelyquoted triangle model of Johnstone (1991) . The point they are making is that, in mathematics, 'trying to master the processes and symbolism may well create enough pressure on limited working memory capacity. The learner cannot cope with concepts (understandings), procedures, symbolisms and applications all at the same time' (Ali and Reid, 2012: 284) .
That is where field dependency may be so important. Those who can select in only what is essential for the task in hand (the more field independent) will be less likely to face working memory overload. If the 'skill' of being field independent can be developed, encouraged or taught, then we are giving to learners a means by which performance in a subject like mathematics can be improved
Experimental Methodology

Measurement of Working Memory Capacity
Two tests have been described and are widely used (Reid, 2009 ). In the Figural Intersection Test (FIT), candidates are asked to shade in the common area of overlap of an increasing number of geometrical shapes. In the Digit Span Backward Test (DSBT), increasing numbers of numbers are read out to candidates who then have to write them down in reverse order. The tests are described in detail in Chen and Whitehead (2009) , and Danili and Reid (2004) , respectively. In one study, both tests were used with the same candidates, giving identical outcomes for the vast majority and differing only by one unit for most of the remainder (Elbanna, 1987 , page 62, discussed in Reid, 2009 ). Thus, validity and reliability are assured. Reid (2009) has listed a number of studies in various subject areas and the table from that paper is given here along with data from some studies in mathematics. This is shown, slightly updated, in table 3.
The digit span backwards test was used here and the size of the working memory capacity was taken as the highest number of digits that a student was able to recall correctly. The results of the working memory capacity test were correlated with the examination scores in mathematics for the senior secondary students. Correlation only shows if two variables are associated. It does not indicate causality. However, the key experiments of El-Banna (1986, 1989) show that the relationship is, indeed, causality. Previous work had, therefore, indicated that limited working memory capacity was one factor which influenced success in mathematics examinations.
In order to confirm that working memory space influences performance in mathematics, students examination marks were correlated with their scores from the digit span backwards test. Table 4 shows the correlation of students' mathematics examination marks with working memory capacity for senior secondary students only. The mean outcome from the digit span backwards test is approximately what might be expected for students aged about 16. It can be seen that there is a positive relationship between students' working memory capacity and mathematics achievement. Indeed, a value of 0.55 is quite high, indicating that over 30% [0.55 2 , as %] of the variance of the mathematics performance was being caused by the working memory capacity.
The sample of 120 was divided into three groups. Approximately, one third of the population will lie below one half of one standard deviation below the mean, while approximately, one third of the population will lie above one half of one standard deviation below the mean. By using division points at half of one standard deviation above and below, three approximately equal groups will be obtained. This approach has been widely used, the first uses being by Case (1974) and Scardamalia (1977) .
The effect on examination performance is large and is illustrated in Table 5 . The difference in performance between the average in the lower working memory capacity group and the upper working memory capacity group is nearly 17%. This difference might be caused during the learning process or might simply reflect the types of questions asked in this particular examination, or both. 
Field Dependency
Working memory capacity is fixed genetically (Miller, 1956) . However, the capacity a learner possesses may be used more efficiently. One of the main ways by which limited capacity is used more efficiently is by means of what Miller called 'chunking'. Ideas or units of information can be grouped together in that they are seen as one 'chunk'. Less space in the working memory, therefore, is used, leaving more space for processing or handling other ideas. Another way by which the limited capacity of working memory can be used more efficiently is by avoiding information that is not essential for the task in hand. The concept of field dependency helps here. The field-independent learner is capable of selecting in only that which is essential for the task in hand. This means that the working memory is less likely to overload. Field dependency could be genetic in origin, a learned characteristic or a characteristic adopted by some element of choice ( Figure  2 ). Of course, the development of this characteristic may arise from any combination of these three factors. The key issue is this. The limitations of working memory capacity constitute one key factor in success in mathematics assessments. However, working memory capacity is fixed for an individual. To improve performance, the assessments may need to be changed so that those with higher working memory capacities do not have the advantage and Reid (2002) has shown that this is possible. Alternatively, steps need to be taken to develop ways by which the limited working memory capacity can be used more efficiently. Field dependency may offer assistance here, but only if this characteristic can be developed in some practical and acceptable way. Thus, if the skill of being field independent is open to development by means of experiences in the learning situation, then it becomes an interestingly possible that such experiences might be integrated into normal school programmes, thus raising the prospect of improved examination performance.
A sample of 547 students was now drawn randomly from a range of schools across five age groups. Table 6 shows the details of the samples, which were drawn from schools serving a diversity of areas and social backgrounds. The Hidden Figure Test was used to measure the extent of field dependency of all 547 students. The relationship between extent of field dependency and performance in mathematics was explored using Pearson correlation. It is also possible to illustrate any relationship by dividing the sample into three groups (field-dependent, field-independent, field-intermediate), using half-standard deviation method.
In every task, the students were asked to recognise and identify a simple geometric shape in a complex figure, by tracing its outline with a pen or pencil against the lines of the complex complex figure. The whole test consists of 20 tasks and 20 minutes was allowed. Thus, the possible maximum score that can be obtained is 20. Sample items from the test are shown in the Appendix. The main scoring scheme for the tests is to give one point for a correct simple shape embedded in a complex figure.
Three questions were explored: (1) Are there significant relationships between field-dependence and mathematics performance? (2) Does field dependency grow with age? (3) Are there any gender differences related to field dependency? Examination marks for each year group were obtained. The marks reflected the work of the previous year covering the same curriculum in all three schools for each year group. Marks were standardised for each year group (mean 50, standard deviation 12). The extent of field dependency was measured for each of the 547 students.
The data gave approximately normal distributions, with the following parameters (table 7). The correlations obtained by relating performance in mathematics to the measure extent of field dependency are shown in table 8. The variations in correlation will reflect the actual examination papers set, the way the questions were asked and the topics being tested. Thus, it is possible to set questions where the student has no problem in seeing what is important or what has to be done first. Equally, it is possible to set questions where the skill of being able to see what is important or what has to be done first are important.
It is possible to look at the entire sample. The overall correlation of mathematics marks (standardised) and extent of field dependency is 0.32 (p < 0.001), in line with the findings of Al-Enezi (2008) . Thus, if the standardised mathematics marks reflect some kind of general ability in mathematics, then this ability correlates with the measured extent of field dependency. The power of the relationship can be illustrated by dividing the entire sample into three groups (table 9). 
Field Dependency and Age
The outcomes for the whole sample were analysed using ANOVA to see if the measured extent of field dependency changes significantly with age (Table 10 ). The findings show that there is a significant growth of field dependency with age (Table 10) . In looking at the data in table 10, it is possible that the extent of field dependency changes with age, simply on the basis of cognitive development, in parallel with the growth in working memory capacity with age (Miller, 1956) . Alternatively, the measured growth with age may be a reflection of learning or more general life experiences. If this is so, then is it possible (and easy) to encourage the development of this learner characteristic by specific teaching strategies?
Thus, Ausubel (1968) found that what a learner already knew was absolutely critical in influencing success at the next stage of learning. This finding is reflected in the Johnstone Information Processing Model (Johnstone, 1997) in what he called a 'feedback loop'. Knowledge held in long-term memory was influencing the the way information is selected. It is possible that this is a key feature of what is meant by field dependency. The long-term memory is enabling the filter to work more efficiently in the more field-independent person: previous knowledge and experience allows a more efficient selection, thus reducing the load on working memory.
It is possible to show the growth in field independency with age as a graph (Figure 3 Figure 2 , it is interesting to see that extent of field dependency increases with age. However, the graph suggests that the rate of growth declines with age. Although the growth may simply reflect cognitive development, essentially genetic in nature, it seems intrinsically more likely that the growth is predominantly brought about by learning and experience (Witkins et al., 1971; Gurley, 1984) . If the rate of growth is most marked at younger ages, then this is where the effort needs to be expended to enhance the skill of being field independent.
Gender Issues and Field Dependency
It has been observed by Ali (Ali, 2008; Ali and Reid, 2012) that there are many gender differences in terms of students' overall cognitive structure, perception and understanding of mathematics. On one hand, girls seem to dominate in understanding and general commitment and, on the other hand, boys tend to dominate in terms of perception and showing strong relationships. In the present study, the overall field dependency measurements were divided by gender and the results are shown in Table 11 .
It is surprising and very interesting to note that the girls tend to be more field independent than the boys (contrary to what Musser, 1998, found) . Gender differences in field dependency may derive from basic physiological differences, such as in the ability to hear, perceive and process information, and also from differences in innate potential. This occurrence of gender interactions needs more careful study since these suggest a possible fundamental gender difference in information processing and, if these were better understood then both genders might be helped to learn more effectively. However, the explanation might simply lie in cognitive development where girls at these ages are often markedly more mature than boys. This may lead to a greater attention to detail, to study and greater commitment to look for what is right. However, there may well be cultural factors involved here, explaining the discrepancy between the findings of Musser (1998) and what was found here. 
Summary
The Group Embedded Figure Test (Witkin et al. 1971 ) is well established as a valid and reliable test of extent of field dependency. The test is non-verbal in nature and requires only a minimum level of language skill for performing the tasks (Cakan, 2003) while the psychometrical properties of the instrument have been investigated in cross-cultural settings and accepted as quite reasonable. The version used here (the Hidden Figures Test) is essentially the same, but with different shapes and a slightly shorter length for school students. Field dependency may be determined by an individual's genetic origin, a learned characteristic as a result of experience, or as a characteristic adopted by some element of choice. It may involve all three. The fact that extent of field dependency grows with age does not necessarily show that it is experience related. Working memory is known to be genetic in nature and it grows with age. However, it does seem likely that experience is a factor in the development of field dependency (strictly, in the increase in extent of field independence). Teachers do encourage their students, especially in subjects like mathematics, to focus in on the key information. This suggests that their experience shows that this tactic brings benefits to the student, thus implying some kind of learning of field dependency.
The importance of field dependency is that development of this skill may be powerful in reducing the demands on limited cognitive resources in working memory, thus enabling the working memory to operate more efficiently and effectively. This has considerable potential in enhancing understanding in mathematics as well as enabling improved performance in mathematical tasks.
Overall, the following results were obtained as a result of data analysis:
(1) There is a significant relationship between field dependency and achievement: fieldindependent students had better performance than field-dependent students for all five age groups.
(2) Field independency increases with age: there are several possible reasons for this although it is highly likely that formal learning and life experiences may enhance the field dependency skill.
(3) Girls tend to be more field-independent than the boys: it is difficult to explain this but there may be developmental or cultural reasons.
Implications
Success in mathematics means, among other things, being skilled at being able to solve problems that are essentially mathematical in nature. One of the common complaints of school students, as mathematics teachers know, is that the learners state that they do not know where to start. The skill in being able to focus in on the essential information that is key in solving a mathematical problem is clear. Indeed, many teachers of mathematics are highly skilled in being able to direct their students to focus in what is important -this is essentially what being field independent enables the learner to do. If extent of field dependency is a critical skill in enabling success in mathematics, the goal must be to see if it can be taught in some systematic way. This will reduce cognitive load on the working memory and lead to higher attainment. In particular, there may be very large benefits for those whose working memory capacities happen, by chance of genetics, to be less than average.
